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We examined the validity of using the selenium level in a
single biological specimen as a surrogate measure of usual
intake. We used data from 77 free-living adults from South
Dakota and Wyoming. Subjects provided multiple 1-day du-
plicate-plate food composites, repeated specimens of blood and
toenails, and 24-hour urine collections. We developed a sta-
tistical calibration method that incorporated measurement er-
ror correction to analyze the data. The Pearson correlation
coefficients between selenium intake and a single selenium
status measure, after deattenuation to adjust for the effect of

within-person variation in intake, were: 0.78 for whole blood,
0.74 for serum, 0.67 for toenails, and 0.86 for urine. We present
formulas to estimate the intake of individuals, based on sele-
nium levels in a single specimen of blood, toenails, or urine. In
these data, the concentration of selenium in a single specimen
of whole blood, serum, or toenails served reasonably well as a
measure for ranking subjects according to long-term selenium
intake but provided only a rough estimate of intake for each
subject. (Epidemiology 1996;7:384-390)
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Selenium is a trace element with well defined deficiency
and toxicity states.' Selenium is a component of gluta-
thione peroxidase, an enzyme with antioxidant activity,
and the relation of selenium status to risk of heart disease
and cancer is under investigation.’’

The estimation of intake of selenium from self-re-
ported food intake and from the average selenium con-
tent of foods, which is the usual method of assessing
nutrient intake, is not accurate because the selenium
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content of any particular food item varies with the
selenium concentration in the soil where the food was
produced.* Earlier studies have established thar rhe con-
centration of selenium in toenails and blood and the
amount in urine reflect the levels of dietary selenium
intake.512 None of these studies, however, has measured
selenium intake directly and related this intake to the
level of selenium in a single specimen of blood, nails, or
urine. In epidemiologic studies, the level of selenium in
only one biological specimen, suck as a set of toenails,
has typically been used as an exposure measure.™’

In this report, we examine the validity of using the
selenium concentration in a single biological specimen
as a surrogate measure of selenium intake. In addition,
we present formulas that, along with a single measure of
selenium in a biological specimen and other information
that may be available, can be used to estimate the
selenium intake of an individual. Although we had
multiple observations for diet and other measures for
each subject, we used a statistical procedure to estimate
the relation between a single measure of selenium in
blood, toenails, or urine and true long-term intake.
We corrected correlation and regression coefficients
for measurement error due to within-person variation
in intake. The statistical methods that we developed
may be of interest to those concerned with calibration
methods for measurement error correction in exposure
assessment.
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Subjects and Methods

We used data from a study of the safety of high dietary
intake of selenium.” Seventy-seven subjects from west-
ern South Dakota and eastern Wyoming were selected
either from telephone books (N = 30, selected at ran-
dom) or from areas where unusually high selenium in-
takes were suspected (N = 47; see Longnecker et al!? for
details of the selection procedure). One adult per house-
hold was included in the present study.

Subjects were free-living, and each was studied over
either a 6- or 1Z-month period. Once per season, for 2
days, each subject saved duplicate portions of all foods
and beverages consumed. One quarter of the food col-
lections for each subject were on Saturday or Sunday.
Twenty-four-hour urine samples were obtained on the
second day of food collection for the season. Blood
specimens were drawn the morning after the second day
of food collection, following an overnight fast. Subjects’
toenails were collected at the time of each blood draw-
ing. By design, for 45 subjects, data for four seasons were
collected, and for the remaining 32 subjects, data for just
two seasons were collected (summer and winter). Thus,
45 subjects were instructed to collect food for 8 days and
to provide four blood, nail, and urine specimens; 32
subjects were asked to collect food for 4 days and to
provide two blood, nail, and urine specimens. Self-ad-
ministered questionnaires were used to ascertain age,
gender, height, weight, and smoking status. Subjects also
completed a detsiled semiquantitative food frequency
questionnaire, which inquired about the frequency of
intake of 116 food items and the use of dietary supple-
ments. The validity of this instrument in this population
was reported earlier.’® The study was conducted in 1985—
1987.

The duplicate food porrions were kept refrigerated or
frozen until homogenized at Rapid City Regional Hos-
pital in Rapid City, SD. Aliquots of the food homoge-
nates were frozen at —9°C and sent via overnight mail
on dry ice to the Human Nutrition Research Center of
the U.S. Department of Agriculture in Beltsville, MD.
Fasting venous blood samples were drawn into trace
element-free Vacutainers (Becton Dickinson, Lincoln,
NJ). Aliquots of 24-hour urine collections, whole blood,
and serum were frozen in Rapid City and sent to Belts-
ville. Nail samples {clippings from all toes) from each
subject were placed in manila envelopes and mailed to
Boston, where they underwent ultrasonic cleaning in a
bath of distilled water, were dried, and then were sent to
the University of Missouri at Columbia.

The selenium content of serum, whole blood, and
urine samples and of the subjects’ diet was determined
using an isotope dilution technique and gas chromato-
graphic-mass spectrometric analysis."* The analytical
blank for all samples averaged 3.8 pmol Se. The detec-
tion limit of the method [defined as the mean of the
analytical blank plus three times the standard deviation
(SD)] was 6.4 pmol Se. Quality control was maintained
by regular determinations of in-house reference pools of
serum, whole blood, and urine. The coefficient of vari-
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ation for duplicate analyses of the in-house reference
pools was always less than 2%.

The selenium content of toenail specimens was detet-
mined by neutron activation analysis.! The concentra-
tion of selenium in the National Institure of Standards
and Technology Standard Reference Material #1577
(bovine liver), determined by neutron activation analy-
sis, was 14.1 * 0.6 pmol per kg (mean * SD), as
compared with a certified value of 14 = 1 wmol per kg.
The coefficient of variation for 38 repeated measure-
ments was 4.5%.

STATISTICAL METHODS

Our interest was in the relation between a single mea-
sure of selenium status and the subjects’ true long-term
selenium intake. Our dataset, however, had multiple
observations of selenium levels in blood, toenails, and
urine. To make use of all of these ohservations while
obtaining results for one measure, we used the linear
regression methods described in Appendix A. These
methods also allowed us to deattenuate correlation co-
efficients for error due to day-to-day variation (within-
person error) in selenium intake and within-subject vari-
ation in measures of selenium status, and to deattenuate
regression coefficients for variation (within-person er-
ror) in measures of selenium status.!®

The distributions of the measures of selenium were
skewed, with the long tail to ¢he right. We therefore
used a log, transformaticn for these variables before
performing the correlation and regression analyses.

In addition to fitting univariate models of selenium
intake as a function of selenium level in blocd, toenails,
ot urine, we also fit multivariate models to incorporate
information from other variables that improved predic-
tion of intake. We identified these covariates in standard
linear regression models, using the means of subjects’
values of intake and of their blood, nails, or urine. We
identified specific covariates by first considering whether
any among a candidate list of nondietary covariates (age,
gender, smoking, and estimated lean body mass!’) im-
proved the prediction of selenium intake. We started
with models that included a measure of selenium status
and all of these variables and then deleted the variables
that did not improve prediction; the result was a set of
parsimonious models for prediction of intake in the
absence of dietary data. We then considered models of
selenium intake with one of the selenium indices as a
predictor variable, as well as the dietary variables (en-
ergy, methionine, and alcohol), and the other candidate
covariates listed above, and we again identified parsimo-
nious models. We selected these dietary variables be-
cause of the correlation of energy intake with intake of
many micronutrients,'s the possibility that dietary me-
thionine might predict intake of selenium (as selenome-
thionine), and reports that alcohol intake may affect
selenium metabolism.!®* The covariates were incorpo-
rated into the models described in Appendix A in the
iteratively reweighted least-squares step.
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TABLE 1. Mean Daily Selenium Intake, Urinary Excre-
tion, and Selenium Concentration in Serum, Whole Blood,
and Toenails*
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TABLE 3. Correlation Coefficients between Adjusted Se-
lenium Intake/kg and a Single Measure of Selenium (Se)
Status in 77 Subjects®

Range

0.79-9.16
2.37-1.99
1.56-4.58
10.5-47.2
0.32-6.09

Intake (umol/day)
Whole blood (umolfkg)
Serum (umolfliter)
Toenails (pwmol/kg)
Urine (umol/day)

* One micromole of selenium weighs 79.0 ug. We calculated these means by first
determining the within-person mean of all replicate values and then averaging
these across subjects, with all subjects equally weighted.

Results

The mean age of the 77 subjects was 50 years (5D = 14
years; range = 22-81 years). Forty-one subjects were
men, and 36 were women. Eighteen subjects (23%) were
current smokers. The mean weight of the subjects was
73.2 kg (SD = 13.2 kg; range = 46.8-104.5 kg). The
mean daily encrgy intake was 9,800 k]. All subjects were
white, and none took selenium supplements. The aver-
age selenium intake in this population (2.99 pmol per
day) exceeded the estimated average daily selenium in-
take in the United States, 0.8-2.0 pmol?*-?" (Table 1.

The intraclass correlation coefficient among repeated
measures of selenium intake and measures of selenium
status was high for blood and toenails and moderately
high for urine and intake (Table 2). We examined the
simple correlation between the mean of each subject’s
selenium intake and the mean level of selenium in the
biological measures and found that, when selenium in-
take was expressed per kg body weight, these correlations
were greater for all measures except urine (Table 2).
Therefore, in subsequent analyses of selenium levels in
whole blood, serum, or toenails, we expressed selenium
intake per kg body weight.

When we examined the correlation between selenium
intake adjusted for measurement error and a single mea-
sure of selenium status, the correlations ranged from 0.67
to 0.86, indicating that a single measure of selenium
status served reasonably well for ranking subjects accord-
ing to long-term intake (Table 3). With adjustment for
gender, or gender and age, the correlations in Table 3
increased slightly.

TABLE 2. Intraclass Correlation Coefficients among Rep-
%icate Measures and Pearson Correlation Coefficients be-
tween Mean log Selenium Measure and Mean log Selenium
Intake {or Mean log Selenium Intake/kg) (N = 77)

Pearson
Correlations Mean
Intake (pmol/day)

log(Se)/kg

log(Se intake)/kg pmolfday) 0.62 0.96 1.00
log(Se intake) (pmol/day} Q.65 1.00 0.96
log{whole blood) {pmolikg) 0.95 0.70 0.75
log(serum) {umalfliter) .88 0.64 0.73
log{toenails) {pmolfkg) 091 0.62 0.65
log(urine) (umol/day) 0.77 0.89 0.84

Measure of Se Intake or
Status

Intraclass
Correlation  log(Se)

log(Se Intake)fkg Adjusted for

Error in
Measurement of
Intake and
Specified
Factorst

Error in Measurement

Measure of Se Status of Intake

log(whole blood) {pmolfke) 0.78
log(serum) (pmol/liter) 0.74
log(toenails) (pmolfkg) 0.67
log(urine) {pmol/day)s 0.86

* Selenium intake is in pmol/day.

+ The covariates included in the partial correlation analysis appear in the
column below. The covariates are those identified as important in the multivar-
iate models that considered nondietary variables.

% Prediction of selenium intake with urine values was of log(Se) intake per day,
not per kg.

Selenjum intake correlated strongly with energy in-
take estimated from the food frequency questionnaire
(Table 4). Gender was less strongly associated with
selenium intake, and when intake was expressed per kg
hody weight, the association decreased. Age was in-
versely related to energy intake. Correlations for other
variables were not important for prediction of selenium
intake; these results are not shown.

Given one measure of selenium status, the univariate
regression coefficients that may be used to estimate
selenium intake for a subject are shown in Table 5.
Table 5 also shows the coefficients for prediction given
one measure of selenium status and selected nondietary
information, and it shows the coefficients for prediction
given one measure of selenium status and selected di-
etary and nondietary information. The R? values for the
models shown in Table 5 were generally in the range of
0.50-0.75. ‘

We demonstrate use of these equations as follows:
suppose a 70-kg man consuming 8,000 k] per day was
found to have a serum selenium value of 2.0 wmol per
liter. The estimated selenium intake, using the appro-
priate formula from Table 5, would be exp{70 kg X
[-1.31 X 107 + 2.00 X 107* X log(2.0 pmol per liter)
+ 827 X 1077 x 8,000 kJ]}, or 1.68 pumol per day [95%
confidence interval (Cl) = 1.00-2.81}. We present the
data necessary for calculating prediction standard errors

TABLE 4. Pearson Correlation Coefficients between
Mean log Selenium Intake and Selected Characteristics in 77
Subjects*

Energy Intake Age
(k)

Gender (Years)

—0.03
-0.08
-0.17
-0.17

log(Se intake) 0.59
log(Se intake)/kg 0.53
Energy intake

Gender

~0.38
-0.23
-0.27

* Units for selenium intake are pmol/day. Gender = 0 if male, 1 if female.
Spearman cortelations ameng these variables were nearly the same as the values
shown.
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TABLE 5. Regression Coefficients [and standard errors
(SE)] for Models Predicting the log of Selenium Intakefkg
flog (pmol x day™') X% kg~'l; the Models Were Fitted to
Reflect the Relation of Long-Term Intake to One Observa-
tion of the Independent Variable

Independent Variable Coefficient (SE) R?

Univariate models

Intercept =139 X 107% (2.72 X 103 0.61
log(whole blood) (umolfkg)  1.93 X 1072 (2.03 x 1073)
Intercept —=7.03 X 1073 (2.30 X 10~ 0.55
log(serum) (gpmol/liter) 2.16 X 1072 (2.63 x 107%)
Intercept -3.33 X 1072 (6.51 X 1073 0.45
log(toenails) (wmolfkg) 1.55 X 10 (2.25 x 107%)
Intercept 332 %1071 (3.62 X 107%) 0.74
log(urine)} (pumol/day)* 6.70 X 107t (5.15 X 1077)

Multivariate models that include nondietary variables

Intercept =121 X 1072 (2.55 X 1073} 0.66
log(whole blood) (umolfkg)  1.93 x 10-2 (1.88 % 107%)
Gender -3.98 X 107 (1.10 % 1073)
[ntercept ~5.39 X 107% (.08 X 107%) 0.63
log(serum) (umol/liter) 223 X 107t (235 X 1079
Gender —-4.96 X 107 (1.11 X 10-%)
Intercept -2.73 x 107% (6.31 X 103} 0.51
log{toenails) (umolfkg) 1.59 X 1072 (2.08 x 1073)
Age (years) —8.24 X 1075 (4.64 X 1075)
Gender —4.02 X 1073 (1.29 x 107%)
Intercept 6.04 X 107! (4.86 X 1073 0.75
log(urine) {umol/day)* 640 X 1071 (5.18 X 1073)
Gender —1.20 X 107! (6.05 X 10°%)

Multivariate models that include energy intake and nondietary

variables
Intercept =192 ¥ 107 (2.66 X 107%) 0.69
log(whole blood) (umolfkg)  1.73 X 1072 (1.71 x 103}
Gender ~=2.61 X 107* (1.01 x 107%)
Energy intake (k]) 9.26 X 1077 (1.91 x 10-7)
Intercept =131 X 1072 (2.40 X 107%) 0.66
log(serum) (umol/liter) 2.00 X 10-% (215 x 1073)
Gender =361 x 1072 (1.02 X 107
Energy intake (k]) 8.27 % 1077 (1.92 x 1077
Intercept —3.56 X 1072 (5.84 x 10-%) 0.52
log(toenails) (pwmolfkg) 140 X 102 (1.90 % 107%)
Age (years) 342 X 107° (4.25 X 107%)
Gender =231 % 107 (1.21 x 107%)
Energy intake (kJ) 1.03 X 107¢ (2.25 x 1077)
Intercept 3.56 x 107! (1.21 x 1071 Q.76
log(urine) {umol/day)* 593 X 107! (5.76 X 1071)
Gender —120 X 101 (5.95 X 107%)
Energy intake (kJ) 6.76 X 1077 (1.22 % 107%)

* Dependent variable is log{Se intake), not per kg. Gender is coded as 1 for
female, O otherwise.

in Appendix B and for calculating the confidence inter-
vals for predicted intakes in Appendix C.

Finally, we evaluated whether using replicate mea-
sures of selenium status provided an improved estimate
of selenium intake compared with rthat obtained using a
single measure of status. We found that use of replicate
measures added little (results not shown). For example,
the increase in error-adjusted correlation coefficients
{between intake and surrogate measure) due to increas-
ing the number of observations to four from one were:
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whole blood, 0.02; serum, 0.04; toenails, 0.02; and urine,
0.08.

Discussion

The correlation coefficients corrected for error in intake
indicate that use of one surrogate measure to rank sub-
jects according to long-term intake will yield reasonably
accurate results. Whole blood and serum were about
equally good measures of long-term intake, and toenails
did nearly as well. Relative to the validity of other
accepted measures of dietary inrake,!? the selenium level
in toenails, serum, and whole blood as surrogate mea-
sures of intake work well. Because the intraclass corre-
lation coefficients for repeated measures of selenium
status were all fairly high in our study, the error-adjusted
correlations between mean individual intakes and one
surrogate measure of selenium intake (Table 3) were
similar to those found when the average of several sur-
rogate measures was used (Table 2).

The regression coefficients presented, used in con-
junction with a single measure of selenium status, will
provide only a rough estimate of the intake of an indi-
vidual, probably because of appreciable individual vari-
ation in response to a given intake.!! Consideration of
energy intake or other information in addition to a
selenium starus measure resulted in a slightly more pre-
cise estimate of intake, although the 95% confidence
intervals were still wide. A larger study size would not
have resulted in equations giving substantially more
precise estimates of an individual’s intake, because the
dominant soure:e of error in predicted selenium intake
for a single individual is the betwesn-person variance in
true long-term average of the surrogate measure, which
is not affected by study size (Appendix C, last part).

In these data, the correlation between selenium in-
take and the amount of selenium in one 24-hour urine
specimen was greater than for other hiological measures.
The correlation was especially high because one-half of
the urine specimens were collected on the same day as
duplicate-plate food specimens. The rate of excretion of
a given dose of selenium is greatest within 24 hours of
ingestion.”” The ratio of within-to-between person vari-
ation in urine selenium (0.30) was higher than for other
surrogate measures (serum, 0.14; whole blood 0.05; roe-
nails, 0.10). Thus, a single specimen of one of the other
measures is likely to be a better reflection of long-term
intake.

Energy intake is correlated with the intake of many
micronutrients.'® Thus, it was not surprising that energy
intake should be predictive of selenium intake. In an
earlier, related analysis of a subset of these data, Swanson
et al’ found that selenium intakes among women (per kv
body weight) were 23% lower than among men (P =
0.05); our data confirm a lower intake among women.
Tissue levels of selenium, however, were not much dif-
ferent between the sexes in Swanson et al’s analysis. The
higher selenium intake of men, with tissue selenium
levels similar to that of women, was thought to reflect a
greater selenium need among men, for whom the pro-
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portion of lean body mass is greater. In the present
analysis, however, when estimated lean body mass and
gender were both considered as potential predictor vari-
ables, only gender was important. Gender may better
reflect true lean body mass than our estimate, based on
age, gender, height, and weight. Or gender may carry
data about true energy intake in addition to that esti-
mated by the food frequency questionnaire. Another
possibility is that some as yet unrecognized difference
hetween the sexes in selenium metabolism explains the
discrepancy between selenium intake and tissue levels of
men and women. The percentage of selenium excreted
in urine, however, was similar in men and women (69%
s 66%). Prediction models (like those shown in Table
5) that also included a term for interaction between
selenium tissue levels and gender fit the data better only
for toenails; the results revealed that the gender differ-
ence in intake (males higher) predicted for a given level
of toenail selenium was more pronounced at lower nail
selenium levels and negligible at higher nail levels.

The equations developed might be less applicable in
another population owing to variation in selenium me-
tabolism,!! or where the chemical forms of selenium in
the diet differed from those in the South Dakota and
Wyoming subjects. The average daily selenium excre-
tion in urine was 69% of average intake in this popula-
tion (Table 1). Levander et al”’ and Yang et al® noted
that, in their subjects, the proportion excreted was 40~
60%. Perhaps a greater proportion of dietary selenium in
South Dakota and Wyoming was inorganic and, thus,
less well retained in the body.2* Analysis of duplicate
portions gives the most valid estimate of nutrient intake
available.? The method probably causes underestimates
of intake? and may cause misclassification.”” The error
thus incurred may cause our estimates of selenium intake
to be slightly low and causes an unquantifiable but likely
small amount of imprecision.
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Appendix A
Detailed Description of the Statistical Methods

The goal of the statistical methods is to predict the value of the
long-term mean of the log of daily selenium per kg for subject
i, §°, based upon one or MOre MeAsUremMEnts of each of the
surrogate measurements, z;. We estimated the parameters in a
linear prediction equation for estimating §7" using its expected
value E(37[z ¥), conditional upon having observed k z;, for each
subject i. Denoting the mean of these observations, Sz as B,
we estimate the intercepts, a*, and slopes, b*, in the equation:

EGrRY) =d + b2l 1
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The a* and b* depend upon the number of observations k,
because the amount of random measurement error in the
estimate, &, of a subject’s surrogate measure depends upon k.
As described by Rosner et al,? such measurement error has the
effect of biasing estimates of slopes and intercepts, so that
estimates which are obtained using one value of k would not,
in general, be applicable in predicting 5° when some other
number of surrogate measurements are utilized. We first esti-
mate the parameters in the linear regression:

EGIE) = o+ b°g (2)

as well as the residual variance, Var(57 | ) = ¢%, and then
reconstruct a* and b* according to the formulas:

d'=a +b(1-RY 3
and
bt = bRk 4)
where
k v!
R¥ = e P (5)

Here, ¢? is the between-person variance of the true long-term
average of the surrogate value, 77, and o? is the estimate of the
day-to-day variation (within-person) in an individual's surto-
gate measurements. The variances ¢* and o? were estimated by
fitting a mixed-effects model for the surrogate values %, which
also provided an estimate of the population mean of the 7,
which is denoted z*.

Since the Z” in Eq 2 were unknown, they were approximated
as:

T=EER =7+ kT - 7)),

where m, is the number of surrogate measurements available for
subject i. Finally, these 2 were used to estimate a” and b* and
0?, in an iteratively reweighted least-squares regression (IR-

WLS) of

=1 2 Yi

i=1

on z, where n; is the number of days of dietary selenium
measurements for subject i, and the weights used in the regres-
sion corresponded to the inverse of

Var(yrz®) = (™)1 — R™Mo? + ofn, + o,

In the IRWLS regression, initial estimates of the unknown
parameters o7 and b* were used to calculate initial weights, and
these were subsequently updared in each iteration of the re-
gression. The other parameters in

Var(3:[z)

were replaced with their estimates from the fit of mixed-effects
models for both y; and z,, with o? representing the day-to-day
variation in intake, y,. Finally, a* and b were estimated from
Eq 3 and Eq 4.
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Appendix B

Estimates Needed to Calculate the Variance of Predicted
Sefenium Intakes

TABLE Al. Parameter Estimates from Mixed-Effects
Models (y; = 37 + e;) for Dependent Variables*

¥ 8 o7

log(dietary selenium)/kg  0.0114  5.79 X 107%  3.50 X 105
log(dietary selenium) 0452  0.398 0.118

* The first column of values is population means, the second is between-
individual variances, and the third is within-individual variances.

TABLE A2. Parameter Estimates from Mixed-Effects
Models (z; = 77 + €;) for Independent Variables*

vt as

.857 0.0599 0.00824
0.0902 0.00500

log(serum selenium) 0
log{whole blood selenium} 1
log(toenail selenium) 2
log(urine selenium) 0

z

8

32

90 0.0993 0.00959
452 0.398 0.118

*The first column of values is population means, the second is between-
individual variances, and the third is within-individual variances.

TABLE A3. Iteratively Reweighted Least-Squares Esti-
mates of Regression Parameters a”, b, and o2 in the Fqua-

tions E(57|2°) = a* + b7z7, Var(3ek?) = o

a” o* o

Basic model

Serum ~0.00958 0246 217 X 1075

Whole blced -0.0153 2.0204 2.05 X103

Toenail -0.0376 0.0170 2.8 x 103

Urine 0442 0.868 1.39 x 102
Model including nondietary covariates

Serum —0.00801 0.0253 1.56 X 10—

Whole blood -0.0135 £.0204 1.64 % 1073

Toenail —-0.0318 0.0174 242 X 10°°

Urine 0.519 0.829 7.54 X 102
Model with all covariates

Serum —0.0155 0.0227 1.04 x 10~

Whole blood -0.0205 0.0182 1.11 X 1073

Toenail ~0.0396 0.0154 1.75 X 1073 ;

Urine 0.276 0.768 4.63 X 1073

TABLE A4. Covariances for @, b!

log{whole blood selenium)/kg —5.38 x 106

log(serum selenium)/kg —-5.83 X 10°¢

log(roenail selenium)/kg —-1.45 x 103

log(urine)/day —~1.04 X 10-?

Appendix C
Prediction Errors for Estimating Long-Term Dietary
Selenium Intake

The residual variance in true long-term (transformed) dietary
selenium, 37, given the average of k measurements of the
surrogate values, z;, may be written as:

Var(5°29) = o + b°(b” — b2, (6)
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This variance may be estimated from the values given in the
tables in Appendix B, for each of the different surrogate values.
An approximate 95% confidence region for this prediction is
based on:

57+ 1.96 | Var(57[zD) -

For example, suppose a 70-kg subject was found to have a
serum selenium value of 2.0 mmol per liter, and hence a
predicted selenium intake of exp{70 kg X [-7.03 X 1073 +
2.16 X 1072 X log(Z mmol per liter)}} = 1.74 pmol per day.
Because for serum sclenium we have &7 = 2.17 X 1075, b* =
2.46 X 1072, bt = 2.16 X 1072, and ¢* = 0.0599, the estimate

of
37 £ 1.96 Var(57z})

is 5.11 X 1073, Thus, the 95% ClI for dietary selenium invake
is exp{70 kg X [-7.03 X 107 + 2.16 X 1072 X log{2 pmol
per liter) * 1.96 X 5.11 X 1073]} = 0.862-3.51 umol per day.

These prediction variance estimates do not, however, take
account of the errors in estimating the regression parameters,
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@, B in Eq 1, or in estimating the regression coefficients
associated with the nondietary and dietary covariates in the
multivariate prediction models. An adjustment to Eq 6, reflect-
ing the errors in estimating these parameters for Eq 1, adds 1o
this equation the term:

Var(@d + B2) = Var(@) + 2Cou(@:, B9 + VathHEy. ()

Table 5 gives estimates of the square roots of Var(d') and
Var(6"). The covariances Cow(a! ') for each of the models fic
are in Table 4 of Appendix B. In general, however, the
addition of Eq 7 has only a small effect on the variance
estimate in Eq 6, and this may usually be ignored (except in the
case of very extreme values for Z). For instance, in the above
example, the addition of this term changes the estimate of

from 5.11 X 107 to 5.16 X 1073 and hence changes the 95%
confidence interval from 0.86-3.51 to 0.86-3.53 pmol per
day.




